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CHAPTER 1

PROJECT EXPLANATION

1-1. INTRODUCTION.

This final report for the DESCOM NC/CAM Study represents the results
of a one-year comprehensive effort, and details the general findings and
recomndations of the Study Group. A considerable amount of research
and investigation was conducted by participants from all DESCOM
installations. In addition, contacts and visitations to a number of
Army, Navy, and Air Force installations, other Federal Agencies, and
commercial industries, were beneficial in arriving at the final result.
A wide variety of data, technical reports, correspondencep brochures,
etc., and general discussions all were useful in analyzing and defining
the specific courses of action to follow and resulted in the positive
results of the study.

There was much coordination, and the group received excellent
cooperation throughout. The enthusiasm, eagerness, and positive
attitudes reflected by various personnel at each of the depots are just
small indicators that the study was proper, necessary and worthwhile.
The total success of the project will be measured by the future results
from implementation and application of the concepts.

1-2. BACKGROUND.

There has been a real need for a study of this magnitude for a number
of years. Numerical Control (NC) has been in use since the early 1950'.,
but there has been no meaningful move to investigate, standardize,
resolve, or define the many associated elements with a clear set of
parameters for DESCOM activities. There was an apparent misunderstanding
and lack of appreciation for the increased capabilities, value, and
benefits of NC/CAM. In addition, there was no regulation or directive
which clearly defined NC/CAM equipment requirements, justifications,
methods, or sequences of acquisition, as well as a variety of important
and critical operating conditionsp techniques and standards.

The General Accounting Office (GAO) reported in three separate
reports (24 September 1974t 26 June 1975, and 17 January 1979) that
activities within DoD must do more to realize the full benefits of
NC/CAM. It indicated that costs for maintaining, repairing, and
overhauling weapons systems are enormous and are rising. It further
pointed out that NC/CAM offers benefits, if managed properly, in terms of
meeting mobilization requirements and achieving greater efficiencies and
improved economies.

1-1
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The use of NC/CAM equipment can produce meaningful and measurable

benefits. The GAO reported the following advantages:

a. Increased productivity.

b. Reduced tool and fixture storage.

C. Faster setup time,

d. Reduced parts inventory.

e. Speed of engineering changes.

f. Better accuracy and uniformity of parts.

g. Better Quality Control.

h. Reduction of parts handling.

i. Reduced skill level.

In a broad sense, a numerically controlled system is a machine that
is controlled automatically by coded instructions. More precisely, it is
a system in which programed numerical values, stored in some form of
input medium, are automatically read and decoded to cause a corresponding
movement of the machine it is controlling. An NC/CAM system has two
basic elements; the machine which does the work, and an electronic
control unit which directs the machine's motions. Both operate as an
integrated unit. A few NC/CAM machines operate directly from computers,
but most get instructions in the form of punched tape. The applications
of NC/CAM are virtually limitless. It can be applied to any operation in
which a tool or workpiece is moved from one point to another and stopped,
and then the work is done. Although most NC/CAM equipment is metal
working, its applications include electronics manufacturing, glass
making, food processing, materiel handling, drafting, woodworking,
plastics and inspection, just to name a few.

Numerical control, like most technologies, is an advancing and
evolutionary process. Hard-wired systems, which were universal a few
years ago, have given way to minicomputers and microprocessors which are
less costly and more reliable and have greater capability. Further,
computer graphic systems for part design, part programing, and shop
management information systems, are progressing at a fast rate and are
expected to increase productivity and reduce manufacturing costs
substantially.

Because of a lack of overall direction or coordination, the GAO

stated that there have been varying and inadequate degrees of attention

1-2



among the service activities to NC/CAM as a productive mode of
manufacturing. As a result, there is still no overall direction or

guidance established. This condition prompted DESCOM to initiate and
conduct its own study on the use of NC/CAM within the DESCOM complex.

1-3. PROJECT PURSONNEL.

The project was initiated on 3 April 1978, as a result of a telephone

conversation between Mr. Harry Dell, DESCOM, and Lt. Col. Ancil Pressley,
Comptroller, SAAD. A teletype message (041630Z, April 1978, DRSDS-PMI)

(See Fig. 1-1) the following day officially tasked the Sacramento Army

Depot to conduct the study. An initial task force was established, ond

consisted of personnel at SAAD, and points of contact at all affected

depots. They are as follows:

a. Russell E. Harris, SAAD (Project Leader)(borrowed from
Directorate for Services).

b. Bernard 0. Grindle, SAAD (borrowed from Directorate for

Maintenance).

c. Elwood M. Bourtayre, SAAD (borrowed from Comptroller)(See Note 1).

d. Roy Oliver, CCAD.

e. Lee Williams, TEAD.

f. Jerry Marks, ANAD, (later replaced by Shelley Sewell).

S. James Shindle, LEAD.

h. Edward Slimak, TOAD.

i. Oscar Zeiders, NCAD, (later replaced by Martin Pickle).

j. Joseph Moore, RRAD, (later replaced by Marshall Foster).

k. Kenneth Crank, PUDA, (later replaced by Henry Musso).

1. Don Fratangelo, SIAD, (See Note 2).

m. Don Nieminen, SHAD, (later replaced by William Carson)(See

Note 3).

n. Dolan Reynolds, SIAD, (See Note 4).

o. Dr. Frank J. Janza, SAAD, (See Note 5).

1-3
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p. Dr. Karl E. Stoffers, SAAD, (See Note 5).

q. Steven Sasaki, SAAD, (See Note 6).

r. William Humenick, SAAD.

NOTE 1: Elwood Bourtayre left the project and resigned from Federal
Service in April 1979, to pursue another career. No repla-ement secured.

NOTE 2: Don Fratangelo retired from Federal Service in December 1978.
There was no replacement secured.

NOTE 3: William Carson dropped from the study in March 1979, due to more
urgent requirements at SHAD. No replacement.

NOTE 4: Dolan Reynolds is Chief, Equipment Nanagement Division, SIAD,
and his responsibilities were such that prevented his active
participation. No replacement.

NOTE 5: Dr. Frank Janza and Dr. Karl Stoffers are Professors of
Electrical and Electronic Engineering at California State University,
Sacramento. They provided part-time and limited full-time effort during
the entire life of the project.

NOTE 6: Steven Sasaki was a summer hire in 1978 only, and provided
clerical support of project documents. No replacement secured.

NOTE 7: All other personnel remained active with the project until final
completion.

1-4. PLAN OF ACTION.

The Study Plan of Action (See Fig. 1-2), which was officially
endorsed by BG James S. Welch, Commander, US Army Depot System Comand,
on 10 July 1978, requested the support of all depots. It was pointed out
that "the use of NC/CAM equipment could enhance the capability of each
depot, while reducing the cost of operations." Further, "the goal is for
full implementation of the use of NC/CAM equipment throughout DESCOM."

Once the total staffing was established, research and investigative
action commenced. A wide assortment of available documents (textbooks,
letters, publications, reports, directives, regulations, standards,
specifications, etc.) were reviewed in order to establish and define
elements and topics which were to receive comprehensive investigation.
This resulted in a set of parameters and guidelines for the acquisition,
use, and management of NC/CAM equipments and establishment of a
regulation. A series of visits to various Goverment installations

1-4
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(Army, Navy, and Air Force) were scheduled to observe NC operations and

to secure appropriate information and ideas. They included:

a. Anniston Army Depot, Anniston, AL

b. Corpus Christi Army Depot, Corpus Christi, TX

c. Tobyhanna Army Depot, Tobyhanna, PA

d. Watervliet Arsenal, Watervliet, NY

e. Rock Island Arsenal, Rock Island, IL

f. Tinker Air Force Base, Oklahoma City, OK

g. Kelly Air Force Base, San Antonio, TX

h. Hill Air Force Base, Salt Lake City, UT

i. Wright-Patterson Air Force Base, Dayton, OH

j. Warner-Robbins Air Force Base, Warner-Robbins, GA

k. McClellan Air Force Base, Sacramento, CA

1. Naval Avionics Center, Indianapolis, IN

m. Naval Air Rework Facility, Paturent River, MD

n. Naval Air Rework Facility, San Diego, CA

o. Naval Air Rework Facility, Norfolk, VA

p. Naval Air Rework Facility, Cherry Point, NC

q. Naval Air Rework Facility, Pensacola, FL

r. Naval Air Rework Facility, Alameda, CA

a. Naval Weapons Station, Seal Beach, CA

Attendance and participation in various industry trade and tool
shows, seminars and symposiums, and factory tours, also contributed to
the study effort. They included:

a. National Machine Tool Show, Chicago, IL

b. CAD/CAM VI Conference and Show, Los Angeles, CA

1-5
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c. NC Society Meeting, Los Angeles, CA

d. Manufacturing Management and Technology Conference, Palo Alto, CA

e. Group Technology Seminar, Arlington, TX

f. Otis Manufacturing Company, Carrolton, TX

g. Hewlett-Packard, Palo Alto, CA

Interest in the study was evident, and the group was requested to

provide briefings at various conferences and workshops, as follows:

a. Director for Maintenance Conference, Alta, UT

b. DESCOM Commanders' Conference, Sacramento, CA

c. DoD NC/CAM Workshop, Memphis, TN

d. DoD Conference, Pentagon, Washington, D.C.

e. DESCOM NC/CAM Conference, Sacramento, CA

f. NC/CAM IPR Conference, Corpus Christi, TX

g. Industrial Robot Conference, Hill Air Force Base, UT

After research was performed and data analyzed, a list of 26 elements

was defined, which formed the basis for this final report. They cover a
wide spectrum, and consist of topics that must be considered when
establishing or expanding an NC/CAN operation. These elements ares

a. NC Hardware i. Controllers

b. Tooling j. Interactive Graphics

c. Spare Parts k. Adaptive Controls

d. NC Software 1. Authorization

e. Parts Programaing m. Funding

f. Post Processors n. Acquisition

g. Data Interchange o. Site Preparation

h. Computers p. Specifications

1-6
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q. Maintenance v. Computer-Aided Manufacturing (CAM)

r. Workload Mix w. Computer-Aided Design (CAD)

a. Utilization x. Economics

t. Skills y. Other Projected Uses

u. Effects on Organization z. Training

Details pertaining to these elements are discussed in Appendix A
(Hardware), Appendix B (Software), Appendix C (Intelligent Hardware),
Appendix D (Procurement), Appendix E (Work-Mix Analysis), Appendix F
(Day-to-Day Operation), Appendix G (Skills, Training, and Impact on
Organizations), and Appendix H (Overall Concepts).

The plan of action also contained a Milestone Chart (See Fig. 1-2).
Progress toward final completion remained on schedule throughout the
entire study period. The ability to achieve and maintain project actions
on-schedule must be reflected by the type and style of participating
personnel. They were eager, dedicated, and enthusiastic toward reaching
the final conclusion of the project. In addition, the total support and
cooperation provided by the many individuals contacted during the life of
the study, was exceptional.

1-5. CONCLUSION.

The staff assigned to conduct this comprehensive study, together with
all of the points of contact at each depot, were very pleased to have had
the opportunity to participate. The challenge presented by the many
aspects of the study and the results obtained, were worth the effort. It
is the goal of the group that these results will benefit all of DESCOM,
by paving a new direction, whereby improved productivity will occur with
a significant reduction in operating costs. The "road mp" has been
established and the depots now have a "green light" to move forward. The
NC/CAM Study Group is prepared to provide additional service, as
advisors; as consultants; or even to perform a new independent
investigation if appropriate and if requested.

The details explained in the following chapters, and appendices,
should help to highlight and define the parameters, guidelines,
conditions, controls, and operating criteria for the use of NC/CA
equipment at all installations within the US Army Depot System Comend.

1-7
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DEPARTMENT OF THE ARMY
US ARMY DEPOT SYSTEM COMMAND

CHAMBERSBURG. PENNSYLVANIA 17201

1 0 JUL 1978

IN asPL i *la* TO

o-,os. CG

SUBJECT: Numerical Control/Computer-Aided Manufacturing

SEE DISTRIBUTION

1. Reference is made to message 041630Z Apr 78, DRSDS-PI, Subject:
Numerical Control Equipment (NCE).

2. Attached as Inclosure 1 is a copy of the Plan of Action for an
in-depth study to identify and evaluate the use of Numerical Control/
Computer-Aided Manufacturing (NC/CAN) equipment within DESCON.
Sacramento Amy Depot (SAAD) has been tasked to conduct the study and
will require participation and input from each depot that has a
maintenance mission.

3. I fully indorse this study, and your support is required to assure
success. The use of NC/CAN equipment could enhance the capability of
each depot, while reducing the cost of operations. The goal is for
full implementation of the use of NC/CAN equ t throughout DESCON.

1 Incl
as Sr . rural, USA

DISTRIBUTION:

Cdr, Anniston Army Depot
Cdr, Corpus Christi Army Depot
Cdr, Letterkenny Army Depot
Cdr, New Cumberland Army Depot
Cdr, Pueblo Army Depot Activity
Cdr, Red River Army Depot
Cdr, Sacramento Army Depot
Cdr, Seneca Army Depot
Cdr, Sharpe Army Depot
Cdi, Sierra AM Depot
Cdr, Tobyhana Amy Depot
Cdr, Toele Army Depot

(Info copies to each Dir/laint) FISte 1-2
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-SMSA-C It9 June 1978
STAFF STUDY

PLAN OF ACTION

1. STUDY TITLE: Numerical Con trol (NC) and Computer Aided Manufacturing
(CAN) .

2. PUPOSE: To conduct an In-depth study to clarify and define the
conditions, parameters, controls, and operating criteria of NIC equipmentl
to develop a met hod and system to enable WSCON depots to b-com awAre"
of the capabilities and benefits of NC and CAN, t5Lidentify functios,
operations and tasks at MSCON depots which are b~eing performed with
conventional methods, that should be done with NCj to assist In the
acquisition and establishment of effective NC/CAN facilitiesi and to
conduct followv-on evaluations.

3.* STUDY SPONSOR: U.S. Army Depot System Command (MESCON).

4.* STUDY AGENCY: Sacramento Army Depot (SAAD).

5. AUTNO~RTY: Message 041631F2 Apr 78, VWS-PNI (Atch 1).

6. SCOPE: This study applies to all depots within WXSWM.

7. BACKGROUND: Numerical Control machines have been In use for several
years, but there has been no apparent move to Investigate, standardize,
resolve, or define the many associated eleiments with a clear met of
parameters. There is an apparent misunderstanding and lak of appreciation
for the Increased capabilities, value, and benefits of NjC and CAN withjin

WSCON activities. In addition, there is no current regulation or directive
which clearly defines NC equipment requirsaaents, justificatIone, methods,
or sequences of acquisition, as well as a variety of iportant anW critical
Opera ting conditions, techniques arnd standards.

8. STATEI*NT OF TEE POBLEM:

a. 2b Investigate and determine the requiregents, standards, justi-
fications, methods, and sequences for acquiring NC and CAN equipwent.

b. 2b research, review, and define

(1) HC Hardware and software

(2) Parts Pro gramming ranguages

(3) Wioling requireiments and coding

(4) Preventive and repair mint enance nee&s

(5) Ekills and training requirements

/W



(6) Met hods of approval and funding

(7) Machine utilization

(8) Workload mix

(9) Comqputer-Aided Manufacturing

c. To review, analyze and define Computer Assist Part pro gramming
and Direct computer control.

d. To Investi gate and determine the nmethod for standardization
of KC rape Codea and language characteristics, and how they can be applied
at DISCON depots.

*- To review and determine the method for inter-depot transmission
or Interchange of NC rapes and Data packages, and how they will be
cataloged and controlled.

f. To Investigate and identify the type and loction of a centralized
control canter for NC acquisition and use.

g. To research and develop the operating criteria, characteristics,
procedures, and regulatory controls.

9. ASS WP2'CJF:

a. That the Use Of NC/CAN equipment Is feasible and possible at all
MSCON depots that have a maintenance, mission.

b. l'hat standardization of NC Hardware and Software Is desirable
and possible.

10. OBflCTZVBS:

a. Develop and enforce a policy for standardizing both NrC Hardware
and Software.

b. Improve the system for Identifying and describing functions,
operations, and taskts to be performed with NFC machines, and provide
guidance and criteria for defining and evaluating workload mix.

c. Define and establish a wsCO.V NC/CANt Control Ce nter with total
responsibility for the implementation and control over the NFC program,
to, Include the authorization, funding, amd acquisition of NC Hardware,
Software, and all associated ancillary equipmt and program.

d. Improve the planning for NVC amachine purchases, by developing
guidelines for NrC/CAN as a total production system (I.e., oe"Muter
support, Organizational responsibility, trained personnel, Spare parts,
prompt Installation, eto.), and the preparation of accurate and maningful
Justifications.

-war-



o. Establish a centralized DESCON Inventory of NW machne &pare
parts, to Include policyj guidance for standardization and eliminatio
of duplicate parts, and establish a simple, effective and timely methjod
for requisitioning parts from the Inventory when required to roeAr
and/or refurbish existing NC machines.

f. Clarify and define the policies on machine, utilzaton and
reserve capacity of NC equipment to obtain maximum use of euah egmit.

g. Improve the management and control of Numerical Control. Provide
specific guidance for:

* (1) Personnel training on MC equipment (Hardware and Software)

(2) Detailed criteria and procedures, Including cost conparisons

(3) Adequate and effective preventive and repair maintenance
Pro gram

(4) Better organized system for exchanging work between similar
activities.

(5) A more active campaign of informing and educating personnel
and managers on the capabilities and benefits of NC.

h. Provide guidance for reducing national Inventories of selected
repair parts through the use of NC equipment, and of exchanging
NC Data Packagef.

1. Establish uniform guidelines on developing post benefit analyses
to more accurately disclose the true aavings and coats of NC equipment.

.. Analyze the contribution and use of computers, controllers, and
computer-aided manufacturing, and define conditions for application at
DESCON depots.

k. Examine, correct, and/or develop regulations, and procedures
regarding NC equipment acquisition, maintenane, utilization, aOW
personnel training.

1. Identify and define skill levels, to Include operator, pro-
wer, coordinator, maintenance personnel, and tooling speialists, jlso,
define the degree and type of training required for each skill.

11. !'IWRLW: rhe study Is expected to bea competed by the end of Fr-79.

12. CCXVUrMI:S There are no known constrains at this time.

13. WEORI'5 AND AINDNGS:

a. Weekly progrefs reports will be provided to 8OCO, AM1:
MODw-Pr (Marry DOMl, via telpbone. Also, looal cmnua will receive
concurrent reports.
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*b. Briefing sessions will be given on a periodic basis, vith a
formal in-pro cess briefing scheduled during the 4th DISCON Directors
for maintenance conference (17-21 July 1978, Alta, Utah) and the 5th
jzsCoN Depot Commandrs' Conference (1-3 August 1978, Sacramento,
California). Additional briefing sessions will be provided as requested.

c. Final report, with rocoumendations, will be documented and sub-
ui tted to DESCON, for review, apol, Implentation, wa other action
as required.

14.* STUD PERSONNEL (POINTS OF CONTACT):

a. Russell Hri, GS-ll, Project Leader, ShAD

b. Bernard Grindle, GS-9, SAAD

c. Elwood Bourtayre, GS-9, SARD

d. Roy Oliver, GS-12, CCAD (Corpus Christi Army Depot)

e. Lee Williamr, GS-9, 2TAD (2Tooele Army Depot)

f. Jerry Harks, GS-12, MNAD (AnnisUton Army Depot)

g. James Shindle, GS-lO, LEAD (Letterkenny Army Depot)

h. Edward Sliak, GS-lO, TOAD (To blha ana Army Depot)

i1. Oscar Zeiders, GS-ll, NCAD (New Cumberland Army Depot) At 4 4
j.Joseph Moore, GS-ll, RRAD (Red River Army Depot)

k. Kenny Crazk,_;G-l2, ADA (Pueblo AmDeoAtIity)

15. STUDY JNTNOWZOGY:

a. Hake Initial contact with all DUSCON depots. Secure name, address,
'and telephone numbers of Points of Contact (POC) at each depot. (This
has been accomplished).

b. Study team mmbers will research and review available documents
(textbooks,. publications, letters, reports, tc.) In order to establish
and define elements and topics which will require comprehensive Investi-
gative action.

a. Team members will visit selected installations in order to
secure Information.

d. POCs will provide specific data regarding Niinerical control
operations at their particular Installations, I *e., inventory of equipment,
procedures, techniques, etc. (ThIs has been acomplished.)

o. POCO my be required to travel to ShAD to a"&iet In evaluating
specific data, and to provide assistance, and Investigative research and
evaluation.
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f. The study team will review, analyze, and catalog all factual
data. Discuss and define problems and causes.

g. The study team will conduct in-depth research and analyzes of
specific program elements and provide recommendations for accoMpliabment.

h. Results will be reviewed, consolidated, and specific guidelines
will be developed.

i. The study team will visit each DESCON Depot that has a Maintenance
mission. Observe and evaluate operations, and tasks, and identify those
that could be performed effectively using NC/CAN techniques and equiet.

j. The study team will determine and identify the specific item ofNC/CAM equipment (and any associated equipment) which should be secured
by the depot to perform the appropriate tasks or operations.

k. Results of all findings will be documented and the final study
report, with recommendations and actions taken, will be submitted through
command channels for review, approval, and final implementation.

1. Periodic briefings of progress actions will be conducted with
appropriate personnel at depot and DOSCON levels. Final briefing will
be conducted at Command Headquarters.

16. ATTACRHRNTS:

a. Nessage 041630Z Apr 78, DRSDS-PNI

b. Milestone Chart

RUSSELL B. HARRIS
Project Leader

NC/CAM Study Group

CONCURRNCE:

ANCIL R. PRUSSThr1, Lpb, Comptroller

j
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Chapter 2

SUMMARY OF OBJECTIVES

2-1. INTRODUCTION.

The accomplishment of any study must be predicated upon certain goals
or objectives. The final result, and the final evaluation against these
objectives, will dictate how successful the particular study was, and if
all requirements or conditious were met. In short, it becomes a "report
card," for the project.

The NC/CAM study contained twelve (12) objectives. These were
specifically defined in the original Plan of Action, dated 19 June 1978.
A complete appraisal of these objectives is included within the various
appendices, where detailed explanations are provided for specific
elements and topics. The following is a summary of the results of each
objective, and its accomplishment.

2-2. SUMMARY RESULTS.

All of the objectives were met within the limits of present day
procedures, and capabilities existing at the depots. Most of the
objectives were specific to actual conditions, and were answered
explicitly. Others were found to be interdependent, and thus required
some restatement of existing concepts, procedures, or solutions. The
objectives are defined as follows:

a. Develop and enforce a policy for standardizing NC Hardware and

Software. It is not possible to establish a true standardization
policy. It is more proper to establish a system of commonality.
Standardization does remove many of the time-consuming problems and
reduces the cost encountered in manufacturing. However there is a limit
as to how far standardization can be applied, let alone, be implemented.
Within the depot system, specific NC machines for a given depot must be
determined based on the mission and the results of a Workload Mix
Analysis. Although the same machine is not applicable to every depot, it
can be used to provide a common support to a similar mission. In
tooling, the need for commonality, not standardization, is recommended
for the NC machine tool spindles. They should have the same taper. This
would further provide commonality of tool changers. In the Software
area, there is commonality among features of Parts Programing languages,
Controllers, and Intelligent Terminals. For further details, see
Appendices A, 3, and C.
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